In our paper, we analyze the interplay of contestant heterogeneity and idiosyncratic risk in rank-order tournaments: While in symmetric tournaments an increase in idiosyncratic risk reduces incentives, in asymmetric tournaments this is not necessarily the case: Rather, we show that increasing the level of idiosyncratic risk in asymmetric tournaments will at first increase and-only after a critical risk level has been reached-reduce incentives. We find this critical risk level to be higher, the larger the degree of contestant heterogeneity. Concerning practical implications, it is more important to reduce idiosyncratic risk in the tournament when contestants are similar and less beneficial when contestants are heterogeneous. In light of the fact that equilibrium effort levels in tournaments with a low level of contestant heterogeneity are by far higher than those in tournaments with high levels of contestant heterogeneity, the advice would be to simultaneously reduce contestant heterogeneity (e.g., by league-building or handicapping) and idiosyncratic risk.
Introduction
Tournament incentives have developed into an important component of organizational reward systems: Employees compete against one another with the best performing employee(s) receiving a predefined tournament prize (e.g. a promotion, a bonus payment, a travel incentive or the like). Given the prevalence of tournament incentives, it is not surprising that beginning with the seminal paper by [1] the incentive properties of tournaments have repeatedly been analyzed (e.g. [2] ).
In our paper, we analyze the effect of idiosyncratic, i.e. contestant-specific, risk in a tournament where contestants are heterogeneous. While the literature has regarded the effects of both idiosyncratic risk and contestant heterogeneity in isolation, the interplay of the two has not received much attention yet.
Starting first with contestant heterogeneity, this refers to a situation where contestants in a tournament are not equally talented in doing their job. In a two-person tournament, e.g., where one of the two contestants is of much higher ability, both contestants will not be inclined to put in much effort in the tournament-knowing that the more talented one will win anyway. Consequently, tournament incentives are distorted in a situation where contestants are heterogeneous (see, e.g. [1] ).
Concerning risks, it is important to distinguish between two different types of risk: common risks on the one hand and idiosyncratic risks on the other. While the former affect the output of all contestants alike (e.g. seasonal fluctuations or fluctuations over the business cycle), the latter are contestant-specific and are not leveled out by the tournament. From the literature it is clear that if contestants are homogenous (symmetric tournament), an increase in idiosyncratic risk will decrease tournament incentives as the expected marginal return of an increased effort level is reduced. However, if and how an increase in idiosyncratic risk will affect tournament incentives in an asymmetric tournament, i.e., in a tournament that is characterized by contestant heterogeneity, is far less clear and has not been explored so far. This is despite the fact that in reality we will typically observe both, contestant heterogeneity and idiosyncratic risks, at the same time.
In the recent literature on asymmetric tournaments (e.g. [3] ), only [4, 5] are concerned with the role of idiosyn-cratic risk. However, other than in this paper, [4] as well as [5] are interested in agents' active risk-taking strategies and model risk as a second choice variable of contestants 1 . To the contrary, in our paper we are concerned with exogenously determined idiosyncratic risks which are inherent in almost any production or measurement technology. Further, and on a more technical note, our paper differs from the one by [4] in that [4] vary the degree of heterogeneity for two distinct levels of risk, whereas we vary the level of idiosyncratic riskgiven the level of heterogeneity. While [4] as well as [5] find that in a situation with a low degree of contestant heterogeneity, an (endogenous) increase in idiosyncratic risk will generally reduce tournament incentives, in our framework this is no longer the case: An exogenous increase in the amount of idiosyncratic risk in an asymmetric tournament starting from an initially very low level of risk will rather at first increase tournament incentives and only later on (after a critical level of idiosyncratic risk has been reached) reduce these.
The intuition of this ambivalent effect is as follows: At very low levels of risk inherent in the production technology, even a small degree of (publicly known) contestant heterogeneity is apt to distort tournament incentives as the outcome of the tournament becomes more or less predictable: The more able contestant will know that even a low level of effort will make her win the tournament, and hence the best response of the less able contestant will be to choose a low level of effort as well. In such a situation, an increase in the amount of idiosyncratic risk will reduce the predictability of the outcome and will therefore make it more worthwhile for the two contestants to exert high effort levels. However, when a certain critical level of idiosyncratic risk has been reached, a further increase in risk will decrease incentives again-just as it is the case in symmetric tournaments, i.e., as long as idiosyncratic risks do not fully compensate for contestant heterogeneity, adding more risk to the contest will increase incentives; as soon as idiosyncratic risks more than compensate for contestant heterogeneity, adding more risk will decrease incentives.
The level of idiosyncratic risk where the positive relation between risk and tournament incentives turns into a negative one depends on the degree of contestant heterogeneity: The smaller the degree of contestant heterogeneity, the lower the critical risk level, i.e., the smaller the range of risk levels where the effect of an increase in risk on equilibrium effort is positive. Hence, provided that contestant heterogeneity is sufficiently low, an increase in idiosyncratic risk will decrease tournament incentives over wide ranges of the risk spectrum. For higher degrees of contestant heterogeneity, however, this is no longer true: Over a large range of the risk spectrum, an increase in idiosyncratic risk will rather increase tournament incentives.
The remainder of this paper is organized as follows: Section 2 starts with a reference model with two homogeneous contestants and then introduces heterogeneity on the part of contestants. Section 3 presents a short discussion and practical implications, Section 4 concludes.
The Model
In a first reference case, let there be two homogeneous
who compete in a rank-order tournament. Both employees independently choose an effort level i , which is not observable and only known to the respective employee. Individual output i is assumed to be observable and is a function of effort level i and an idiosyncratic error 
where i denotes the probability of winning the tournament for employee and where denotes the costs of effort with 
where  is the composed error term   S to olving the maximization problem in Equation (1) and substituting for i p according Equation (2) , one arrives at the following reaction function for employee i :
c e p e e t g e e t
Hence, we arrive at the well-known result that each employee will choose an effort level such that his or her Furthermore and for technical reasons we assume that for the second derivatives we have and that
In a Nash-equilibrium, the reaction function of employee will then take the following form: 
Thus, in an asymmetric tournament, for a given tournament prize , both employees will choose lower effort levels than each of them would have chosen in a symmetric tournament. The intuition for this effect is straight forward: For each of the employees, the marginal revenue of choosing a higher effort level (as is being represented by an increase in the probability of winning the tournament multiplied by the tournament prize) is reduced in an asymmetric as compared to a symmetric tournament where the ex ante [and ex post] chances to win the tournament are identical for the two contestants. The larger the ability differentials, i.e., the larger the degree of contestant heterogeneity, the lower the incentives to provide effort (for given levels of idiosyncratic risk).
t Concerning the effect of idiosyncratic risk on effort levels, however, the picture is less clear: Tournament incentives may in fact either increase or decrease with the level of idiosyncratic risk-depending on the (endogenously to be determined) difference in equilibrium effort levels. and hence we obtain:
The existence of a pure-strategy equilibrium in a tournament model is not automatically assured (see e.g. the discussion in [1:845] or in [4: 106] ). Rather, it needs a minimum amount of idiosyncratic risk in the tournament. Otherwise contestants would deduce their opponents' effort levels from the publicly known cost functions and choose slightly higher effort levels than their opponents. As a result, there will only be mixed-strategy equilibria. In what follows, we assume that the idiosyncratic risk in the tournament is high enough to ensure the existence of a pure-strategy equilibrium. Figure 2 shows, an increase in idiosyncratic risk will at first increase incentives and then reduce them. The intuition for this effect is as follows: At very low levels of idiosyncratic risk 4 , contestant heterogeneity will adversely affect effort levels. Adding risk to the contest will reduce the predictability of the outcome, increase the marginal return of exerting higher effort levels for the two contestants and will hence make it more worthwhile for the contestants to exert positive effort levels. However, when a critical level of risk     is reached, a further increase in risk will decrease incentives again-just as it is the case in symmetric contests, i.e., as long as idiosyncratic risks do not fully compensate for contestant heterogeneity, adding more risk to the contest will increase incentives; as soon as idiosyncratic risks more than compensate for contestant heterogeneity, adding more risk will decrease incentives. This is equivalent to stating that the function for i displays a maximum in the idiosyncratic risks 
Proof. See Appendix. The theorem gives us an equation for the level of risk in the tournament at which the effort of both contestants is at a maximum. This equation does not depend on the effort levels; unfortunately, however, it is an implicit formula. As we will see in the following Example 2.4, when choosing suitable cost functions we can compute an explicit value for the optimal risk level which only depends on contestant heterogeneity. o The critical risk level  at which the positive effect of u el of conte idiosyncratic risk on to rnament incentives turns into a negative one, depends on the degree of contestant heterogeneity with a higher degree of contestant heterogeneity leading to a higher critical risk level. Figure 3 plots the equilibrium effort lev stant i as a function of the level of idiosyncratic risk as measured by  for (a) a situation where contestants are almost homo neous in their marginal effort costs and (b) a situation where the degree of contestant heterogeneity is rather large 5 . If the differential in marginal effort costs is low (Figure 3(a) ), the critical risk value beyond which the positive effect on incentives turns into a negative one is reached at a lower risk level than if the differential in marginal effort costs is high (Figure 3(b) ). Hence, for a low level of contestant heterogeneity an increase in risk will decrease incentives over a wide range of the risk spectrum (just as is the case in a symmetric tournament) while for a high level of contestant heterogeneity an increase in risk will increase incentives over a wide range of the risk spectrum. 
Discussion
ilarly, [5] -we find that when risk equilibrium effort levels chose Unlike [4] -and, sim is not a choice variable, but rather inherent to the production process, introducing risk into an asymmetric tournament will always at first increase equilibrium effort levels and then decrease them-irrespective of the size of the ability differential.
Note, however, that the n in a situation with a low degree of contestant heterogeneity are by far higher than those in a situation with a high degree of contestant heterogeneity. The results concerning a high degree of contestant heterogeneity are well in line with the suppositions of [11] and [12] who each postulate that increasing the risk in a contest 4 Of course, we need to make sure that idiosyncratic risk is above the minimum level guaranteeing the existence of a pure-strategy equilibrium (see above). To argue our point the minimum level of risk required to obtain an equilibrium in pure strategies needs to be below the level of risk granting the highest effort level (see Figure 2) . Even if this might not hold for a situation of very low contestant heterogeneity, this will clearly be the case for higher degrees of contestant heterogeneity (see Figure 3(b) vs. Figure 3(a) ). 5 The parameters for i c  were chosen as follows: (t might in fact lead to higher effort levels by all contestants.
With r does not generally decrease incentives when contestants are heterogeneous. Rather, an increase in idiosyncratic risk will first increase incentives in an asymmetric tournament and will only start to decrease incentives after some-critical-risk level has been reached. This critical risk level-in turn-depends on the degree of contestant heterogeneity: The lower contestant heterogeneity, the lower is the critical risk level: i.e., for very low levels of contestant heterogeneity, an increase in idiosyncratic risk will decrease tournament incentives over a wide range of the risk spectrum while for high levels of contestant heterogeneity, increasing the amount of risk in the contest will increase tournament incentives over a wide range of the risk spectrum. The authors would like to
